The paper presents the possibilities of applying one of the multi-criteria assessment methods (the development measure method) in the processes of multi-variant design of technical and organizational solutions on the example of selecting equipment for a newly designed mine working in a hard coal mine. Using the case study, the authors proposed an alternative solution for decision-making problems in mining companies in relation to solutions based solely on unit costs of coal mining. The case study is preceded by the presentation of general principles regarding cost accounting in mining companies as well as the use of multi-criteria assessments.
INTRODUCTION
The competitiveness of every business entity, including plants (companies) in the hard coal mining industry is often identified with efficiency -it is the sale price and the level of coal mining costs that determine the "attractiveness" of the product. In case of the sale price, it is difficult to talk about its free development (it is a derivative of prices on international markets), while in case of mining costs, although they can be shaped, but one should be aware that in the current situation of hard coal mining in Poland the possibilities to reduce production costs are quite limited. This is mainly due to the conditions under which mining works are carried out (location of mine workings, level of natural hazards, etc.) and the amount of resources held [4, 7] . In a market economy, minimizing own costs is a necessity which means that the decisionmaking process is dominated by solutions where we deal with the highest positive unit accumulation value (the difference between the average price and the level of own costs) [8] . However, it should be noted that in accordance with the principles of mining production ("the principle of economization" and "the principle of optimal result"), the financial result cannot be the only criterion for assessment, and thus it cannot be achieved, for example, at the expense of quality of working conditions. The aim of the paper is to present the possibility of applying one of the multi-criteria assessment methods (the development measure method) in the processes of multivariant design of technical and organizational solutions on the example of selecting equipment for the newly designed mine workings in a hard coal mine. As part of the multi-criteria assessment presented above, unit costs of coal mining are only one element of the decision-making process. The paper uses the method of the analysis of the results of published studies concerning the cost accounting in mining companies and the principles of building multi-criteria analyzes. A case study is also presented and discussed.
GENERAL PRINCIPLES OF COST ACCOUNTING IN MINING COMPANIES
Cost measurement in modern enterprises is an important factor affecting the value of company's financial result. An equally important area of cost accounting are decisionmaking cost accounts, which are not systematic, but concern specific decisions made under specific management conditions. In decision-making tasks limited to minimizing costs, costs can appear as a function of the goal. In other more complex situations, costs can be quantities that occur under limiting conditions for decision-making models [11] . For production engineering cost calculations are one of the elements of planning, direction and coordination of all manufacturing processes. The remaining elements in the decision-making processes are the issue of cost drivers, time involved, existing production resources, quality, and human resources [9] .
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The methodology for the valuation of coal mining costs is a significant practical and scientific problem widely analyzed in countries obtaining this resource [17, 18] Mining companies, like all other entities, run a systematic cost account in accordance with the Polish Act on Accounting (AoA) or International Accounting and Financial Reporting Standards (IAS/IFRS), and the cost of manufacturing is one of the basic parameters of accounting valuation [19] . According to art. 28 AoA, costs directly related to a given product and a justified part of costs indirectly related to the production of this product must be added to costs of production. Direct costs include the value of used direct materials, mining and processing costs directly related to production and other costs incurred in connection with bringing the product to the form and location in which it is located on the valuation day. A part of indirect costs is variable indirect production costs and that part of fixed, indirect production costs that corresponds to the level of these costs in the normal use of production capacity. The average level of production for a given number of periods or seasons, taking into account planned repairs, is considered as the normal level of utilization of production capacity [20] . Similar regulations regarding the valuation of production costs of products are included in IAS 2 Inventories. Variable indirect production costs, according to IAS 2, point 12, change directly or almost directly with the change in production volume, for example, indirect material and labor costs. Fixed indirect production costs, according to IAS 2, point 12, remain at a relatively unchanged level, regardless of the production volume. These are, for example, the costs of depreciation and maintenance of buildings and factory equipment as well as the costs of management and administration [6] . According to IAS 2, in order to allocate fixed indirect production costs to products, as in AoA, the normal production volume is assumed. Normal production capacity, which is expected to be obtained during several periods or seasons, in typical circumstances, is determined on an average level, taking into account the loss of production capacity resulting from planned maintenance, and unallocated indirect production costs are treated as costs in period [6, 20] . The AoA provides that in cases justified by the necessary long-term preparation of goods or product for sale or a long production period, the purchase price or production cost may be increased by the costs of servicing liabilities incurred to finance the supply of goods or products during their preparation for sale or manufacture and related exchange differences, less related revenue [20] . Also under the IAS/IFRS provisions, under some circumstances, it is possible to classify the borrowing costs as production costs in accordance with IAS 23 as costs of external financing [6] . In addition, mining companies are subject to legal regulations in force in the European Union, resulting from, for example, Regulation of EC Council No. 1407/2002 of 23 July 2002 on state aid to the coal industry. Pursuant to the Regulation, production costs of coal, including, apart from operation, also operations connected with coal processing and transport to the collection point, as well as depreciation and interest on borrowed funds financing production should be considered as current coal production costs. It is recommended that these costs include ordinary depreciation and interest on borrowed funds. The costs of current coal production cannot include, for example, costs incurred for research and development, costs of environmental protection or training costs [3] . The main difference in the cost scheme resulting from the Regulation in relation to the provisions of the Accounting Act is the inclusion in the costs of coal production of the costs of employment restructuring, costs of liquidation of mining damage. According to the Accounting Act, these are other operating costs. According to the Regulation, the costs of financing should be included in the costs of coal production, and according to the Accounting Act, it is a solution provided for in specific situations, apart from which these costs are shown in the financial activity. The unit result on the sale of coal as a difference between the price and the cost of production is often perceived as a measure of pro-efficiency measures taken by the management of mines. This approach may encourage management not to show all expenditures on coal production in normal operations, due to their impact on the unit cost of coal mining. It should be noted, however, that the unit cost of coal mining cannot be the only decision criterion because quality parameters are also important. Unfortunately, it is not always possible to translate the quality parameters into a price, hence the profitability analysis is necessary, allowing to assess the possibility of a maximum, technically justified level of mining at economically optimal quality parameters [1] . An example of a qualitative factor analysis of coal mining was presented by W. Naworyta who, apart from the costs of mining and processing of minerals, took into account the variability parameters of the deposit, such as calorific value, sulfur content, non-flammable content and sand [12] .
ADOPTION OF MULTI-CRITERIA ASSESSMENT IN THE DE-CISION-MAKING PROCESS
In a classical decision theory, the decision-making process is a group of logically-related (computational) operations that lead to solving the decision problem by selecting one of possible (according to a decision-maker -the best one) options of action. The choice of equipment and method of conducting works (selection of technical and organizational system) in a hard coal mine is a special case of the decision-making process, which in its general meaning comes down to: -setting goals to be achieved, -developing a set of alternative ways to achieve these goals, -defining assessment (selection) criteria, -choosing an option of action. In the decision-making process, we deal with single-or multi-criteria tasks, while in most cases the choice of a solution is usually either to determine the best decision (usually by subjective judgment) or to divide decisions into equally good (satisfactory) decision classes ). In the latter case, therefore, we have to deal with the ordering of a set of decisions or with the allocation of decisions to predefined categories (so-called: sorting of elements of a set). In the case of solving multi-criteria tasks (tasks of this type dominate in practice), one of the most frequently used methods is the development measure method. It is based on the determination of average distances between normalized values of attributes (variables) describing objects, and the values of attributes (variables) of the adopted standard solution (a hypothetical, ideal solution). The calculation procedure requires the determination of both the values of the characteristics of the objects being assessed and the characteristics of the accepted ideal pattern. These characteristics are subject to standardization, which allows them to be made comparable (unification). For the purposes of normalization, it is necessary to determine the nature of the characteristics (variables): stimulant, destimulant and nominant (in case of the latter, ranges should be indicated in which they act as stimulants, and in which as destimulants). The benchmark solution is defined as the abstract Po point with coordinates {xo1, xo2, ...xol} meeting the following conditions [10, 14, 15, 16] : 
where:
x'ij -normalized coordinates of Pi point αj -significance (rank) of j-th characteristics (values determined, e.g. based on a survey of expert opinions). In the development measure method, the decision is made on the basis of the designated value mi:
where: mi ∈≤0;1≥, when the more the value mi. approaches the value of 1, the more the object meets the expectations of the decision maker (it is more developed).
APPLICATION OF THE DEVELOPMENT MEASURE IN THE PROCESS OF MULTIVARIANT DESIGN OF TECHNICAL AND ORGANIZATIONAL SOLUTIONS IN AN EXAMPLARY HARD COAL MINE -A CASE STUDY
The subject of the assessment were four mechanized longwall miners (longwall miners no. I-IV), which allow for mining a coal bed with a thickness of 1.9-3.2 m and a retention angle of 2-13 o . In the roof of the bed, there are layers of argillaceous schist with average bedding and sandy schist, about 9.0 m thick, which makes it possible to conduct a mine with an automatic roof collapse. The planned length of the mining heading ranges from 235 m to 275 m ("closing wall" (ending operation) in the extracted batch p. 621). Based on the opinion survey of experts (high-level supervision of energy-mechanical and mining departments, employees of the production and investment implementation department), a seven-element set of features being the subject of multi-criteria assessment was defined: -financial outlay, -daily mining, -unit cost of mining, -safety, -warranty and service terms and conditions, -post-warranty terms and conditions, -availability of spare parts. The output data for calculations are presented in Table 1 . The volume of financial outlay concerns the purchase of mechanized complexes (machines and devices) and it consists of the values of commercial offers from producers, while the value of daily mining corresponds to catalog values. The unit mining costs have been determined based on the formula [14] : where: lz -daily number of shifts, obs -manning (on all shifts during the day) tzbr -reinforcement time, plsr -average monthly pay, ldm-c -number of working days per month, Zs -longwall resources, a -depreciation, ldrok -number of working days per year, Wd -daily mining, η -waste coefficient, Skr -total labor cost per month, Pm -power consumption, PPm -conversion rate of power consumption, CjkWh -electricity price, Szm -total material consumption.
The values of characteristics no. 4-7 (qualitative assessment parameters) were adopted on a scale of 1 to 10 (1 -the lowest rating possible, 10 -maximum rating) based on the results of the community interview carried out in the group of high-level supervisors of energy-mechanical and mining departments, employees of the production preparation and investment department of the mine. Based on the results of the survey, the weights (significance) of individual criteria were determined (Table 2) . Warranty and service terms and conditions 0.8
6.
Post-warranty terms and conditions 0.5
7.
Availability of spare parts 0.8
In the process of normalizing variables (the procedure allowing for their mutual comparison and further analysis), the method of zero unitarization was used [2, 5, 13] :
The comparison of characteristics (assessment parameters) in the form of normalized values is presented in Table 3.
Table 3 Comparison of the output data in the form of normalized values
No. Characteristics (assessment parameter) Equipment variant I II III IV 1. Financial outlay 0.000 0.699 1.000 0.453 2. Daily mining 1.000 0.556 0.000 0.111 3. Unit cost of mining 0.771 1.000 0.000 0.800 4. Safety 0.000 1.000 0.000 0.000 5. Warranty and service terms and conditions 0.500 0.000 1.000 0.500 6. Post-warranty terms and conditions 1.000 0.000 1.000 0.000 7. Availability of spare parts 1.000 1.000 0.000 0.333
The table of values of the development measure is presented in Table 4 . Based on the calculations made, it can be concluded that in the framework of the multi-criteria assessment, option II should be considered as the most advantageous one, where the value of mi development measure equals to 0.332. Tree times this variant came out as the first one, in the single-criterion assessment (unit cost (PLN 182), safety (9 points) and availability of spare parts (8 points), ex aequo with option I and twice the last rating (assessment of warranty and service terms and conditions (6 points), assessment of post-warranty terms and conditions (6 points) ex aequo with option IV) Second in line as part of the multi-criteria assessment -option I (mi = 0.235) -also three times, in the single-criterion assessment, took the first rating (daily mining (14000 T), postwarranty terms and conditions (7 points) ex aequo with option III, availability of spare parts (8 points) ex aequo with option II) and also twice last ratings (financial outlay (PLN 68 750 000) and assessment of safety conditions (8) ex aequo with options III and IV).
DISCUSSION
Cost measurement in mining companies is an extremely important factor affecting the financial result, due to the high share of fixed costs in the overall cost structure. Mining companies are entities subject to the provisions of the Accounting Act or IFRS also in the scope of cost records and their presentation related to coal mining. The economic conditions of mines are not the only ones that affect their survival in the long run. Equally important, for example, are the safety and comfort of mine underground crews who, in conditions of strong competition, increasingly affect the position of the company on the market and its image. In the situation of equal treatment of the production sphere with the issues of quality management, health and safety management or environmental management, there is a growing lack of approval for work in conditions that endanger the health and life of the employee, and the financial result, though very important, can only be one of criteria taken into account in the broadly understood decision-making process. According to the above-mentioned approach of other authors [1, 9, 11, 12] , the decision-making processes concerning the possibility of coal mining should take into account various other factors besides financial ones, including also qualitative parameters. In these processes, classical decision theory instruments can be used, in which the decision-making process means a group of logically related steps of thinking (computational operations) leading to the solution of a decision problem by selecting one of the possible (according to a decision maker -the best one) options of action. In the presented example of the selection of technical and organizational system, the objectives to be achieved were set, a set of alternative ways to achieve these objectives was elaborated, the criterion of the assessment was determined and the choice of the action variant was made. Among the parameters assessed, the financial outlay and unit cost of mining are partial elements of the assessment, within which also daily mining, safety, warranty conditions and servicing of machines, post-warranty terms and conditions and the availability of spare parts were taken into account. The development measure method was used to select the best variant, which is based on the determination of average distances between normalized values of characteristics describing objects and the values of the characteristics of the adopted solution (the so-called standard solution). Selected option II was also the best in the single-criterion assessment in terms of such factors as: unit cost, safety and availability of parts. The applied solution can be modified and adapted to the specifics of decision-making problems, especially in the context of the selection of assessed parameters.
CONCLUSIONS
The decision-making process is inseparably connected with uncertainty and risk, the assessment of which and the possible minimization of the effects increasingly require the need to have quantitative information, preferably "synthetic" and relatively reliable. The decision-making process is perceived as the choice of the optimal solution and is more and more often identified with the practical adoption of mathematical methods. These methods enable global control of processes included within one integrated system, with an almost unlimited range of decision-making freedom (multi-variant design) and at the same time low costs of simulation runs.
An example of such a process is a multi-criteria assessment based on the development measure method, which, using variable normalization procedures and the Euclid distance formula, allows for determining the final aggregate value enabling selection of a variant that best meets the expectations of the decision maker. It should be noted that the final results may be subject to the judgment of the assessor (a person or persons), although the appropriate formal preparation and professional experience of the decision-maker(s) should minimize this risk.
